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Final Report for NAG5-2050

Deep Imaging in the Taurus-Auriga Molecular Cloud

The Taurus-Auriga molecular cloud is one of the nearest and best studied regions of
star formation. Taurus is more tenuous and less massive than the giant molecular clouds
believed to be the birthplaces of most stars and is not as active a stellar nursery as Orion
or Ophiuchus. Nevertheless, there are several advantages to studying star formation in
Taurus-Auriga. Besides its proximity, the relatively low dust obscuration through the
cloud allows us to detect many of its young stars with optical observations. These data
are particularly important, because young stars cannot be assigned masses, and hence
ages, without optical spectral types. Its northerly declination has also resulted in both a
longer historical record and more complete coverage than for otherwise similar southern

star forming regions.

We have been surveying the Taurus dark cloud for young stars using a variety of
techniques. Two optical proper motion surveys identified 8 new pre-main sequence stars;
an IRAS-based program discovered 6 new embedded sources and 4-6 new T Tauri stars.
Finally, an optical objective prism survey found 12 new T Tauri stars. Our goal in
this project is to examine and compare star formation in the dark clouds Heiles cloud 2
(HCL2), L1537, L1538, and L1544. HCL2 is a very dense region actively forming young
stars and contains 5-6 very young, deeply embedded sources; both L1537 and L1538
have no known pre-main sequence stars; L1544 contains 7 optically visible T Tauri stars.
These clouds appear roughly similar on optical sky survey plates. We would like to know
why some of the clouds are active and why some are not. The first goal of the project is

to survey the regions using IR photometry to identify very red pre-main sequence stars



and X-ray imaging to identify solar-type young stars missed in the near-IR survey. We
will follow up these observations with molecular line surveys to compare the conditions

in various clouds with their star formation efficiencies.

This project has had an unusual history. Our first proposal was submitted in 1991
and given priority 3 status. No observations were acquired during this year. Our second
proposal was given priority 1 status for 1992, but the first proposal was funded! The
ROSAT team acquired data for our targets in late 1992, but we did not get the data
tapes until March-June 1993. The data look very nice, but we received them too late
to identify candidate pre-main sequence stars and apply for the necessary ground-based
spectroscopic time to confirm them in Fall 1993 when Taurus is best observed from
Arizona. Our plan is to identify a set of candidates this spring in time to apply for
Fall 1994 time. In spite of these delays, we have identified several embedded protostars —
including the very young object IRAS04368+2557 — as faint X-ray sources. These are the
first Taurus embedded source to be detected in X-rays; Montmerle has reported several

X-ray sources among the class I sources in the Ophiuchus dark cloud.

The near-IR portion of this program is complete. We used the KPNO SQIID to
image roughly 2 square degrees of the Taurus cloud (Figure 1). This survey concentrated
on HCL2, L1537, and L1538. We identified ~ 60 candidate young stars from near-IR
colors and acquired optical spectra for all stars brighter than V ~ 16-17. Only two of
these objects turns out to be a pre-main sequence star. Both of these candidates can
be associated with a faint IRAS source. One of these sources was identified in several
previous surveys; our results thus confirm it as a pre-main sequence star. We found no
pre-main sequence objects in L1537 and L1538. Thus, neither of these clouds has formed
any pre-main sequence stars. Our results show that the mean extinction through HCL

is ~ 4 mag at V; we estimate Ay < 1.5 mag for the L1537 and L1538 dark clouds.
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Declination

Herbig has previously suggested a minimum optical extinction, Ay ~ 1.5 mag, necessary

to trigger star formation. Our survey confirms this conclusion.

Figure 1 — The position of our near-IR survey areas projected against contours of 2CO
column density (Ungerechts & Thaddeus 1987). Large arrows indicate approximate
positions of the dark clouds L1537, L1538 and HCL2 relative to the 2CO contours.
Filled circles indicate the positions of all known young stars in this region.
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